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57 ABSTRACT 

A pneumatic tire comprising a tire tread wherein a foamed 
rubber layer is provided at least in the portion substantially 
contacting with a road Surface, and wherein Said foamed 
rubber layer, which has closed cells, has an expansion ratio 
of about 2% to about 50%, and the solid rubber phase in said 
foamed rubber layer contains, in an amount of about 0.5 to 
about 5 parts by weight per 100 parts by weight of the rubber 
component, a Vulcanization accelerator represented by one 
of the following general formula: 

(I) 

O 

wherein R' and Reach independently represents an atom or 
a group Selected from a group consisting of a hydrogen 
atom, alkyl groups, and aryl groups, excluding a case in 
which each of R' and R simultaneously represents a 
hydrogen atom. The pneumatic tire which is used as an 
excellent Studless tire Suppresses deterioration in perfor 
mance on ice or Snow in the final period of tire use compared 
to the performance in the initial period of tire use. 

8 Claims, No Drawings 
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PNEUMATIC TRE COMPRISINGA 
FOAMED RUBBER LAYER CONTAINING A 
WULCANIZATION ACCELERATOR AND 

COMPRISINGA CLOSED CELLAND SOLID 
RUBBER PHASE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a pneumatic tire, and 
more particularly, to a pneumatic tire used as an excellent 
StudleSS tire which shows little variation in Startup/braking 
ability and controllability on icy and Snowy road Surfaces 
between initial and final periods of tire use. 

2. Description of Related Art 
In a conventional pneumatic tire, the area of the tire 

contacting with icy or Snowy road Surfaces is increased by 
decreasing the hardness of the tread rubber for attaining 
Startup/braking ability and controllability of the pneumatic 
tire on icy or Snowy road Surfaces. More specifically, a 
polymer having a low glass transition temperature is used in 
the tread rubber composition, a Softener is added to the tread 
rubber composition, or a foamed rubber is used in the tread. 
When a foamed rubber is used as the tread rubber, it is found 
that Sufficient performance on icy or Snowy road Surfaces 
cannot always be exhibited in the final period of tire use 
because the tread rubber composition is hardened during 
driving, and the area contacting with icy or Snowy road 
Surfaces is decreased, although the decrease is leSS Signifi 
cant than that of a tread in which a foamed rubber is not 
used. It is disclosed in Japanese Patent Application Laid 
Open No. 58-87138 that, in a conventional tire, a rubber 
composition containing a specific Vulcanization accelerator 
and a specific antioxidant shows improvement in hardening 
under heating, and in the appearance of a tire in the final 
period of use. However, nothing is mentioned about a tire 
having a foamed tread and the performance of a tire having 
a foamed tread on ice or Snow. 

The main factor related to hardening has been found to be 
the additional crosslinking reaction caused by Sulfur and 
Vulcanization accelerators which remain in the rubber. In 
conventional technology, Suppressing hardening caused by 
the additional crosslinking reaction in a foamed tread of a 
tire is considered to be difficult, and no means for SuppreSS 
ing deterioration in performance in the final period of tire 
use has been known. 

Because Such a deterioration in performance takes place, 
performance on ice or Snow in the final period of tire use has 
heretofore been maintained by enhancing performance in the 
initial period still more to compensate for the deterioration. 
For this purpose, a large amount of a polymer having a low 
glass transition temperature, Such as polybutadiene, is used 
for lowering hardness in the initial period. However, this 
method causes a formation of uneven wear in the final period 
of tire use and a decrease in the area in contact with icy and 
Snowy Surfaces, and this becomes another reason for dete 
rioration in performance on ice or Snow in the final period 
of tire use. 

SUMMARY OF THE INVENTION 

Accordingly, the present invention has been conducted 
under the above circumstances with an object of Suppressing 
hardening of the tread rubber composition itself in the final 
period of tire use by Suppressing the additional crosslinking 
reaction and providing a pneumatic tire used as a StudleSS 
tire which has excellent Startup/braking ability and control 
lability in the final period of tire use. 
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2 
By analyzing the hardening phenomenon of foamed rub 

bers in treads of tires, the novel knowledge was acquired 
revealing that the main factor causing hardening is the 
additional crosslinking caused by Sulfur and that this addi 
tional crosslinking and performance on ice or Snow are 
related, and it was discovered based on this knowledge that 
problems can be overcome by the means explained below. 
The present invention has been completed based on this 
discovery. 

Accordingly, the present invention provides a pneumatic 
tire comprising a tire tread wherein a foamed rubber layer is 
provided at least in the portion where Substantially contacts 
with a road Surface, and Said foamed rubber layer, which has 
closed cells, has an expansion ratio of about 2% to about 
50%, and the Solid rubber phase in said foamed rubber layer 
contains, in an amount of about 0.5 to Substantially contacts 
with a road Surface, and Said foamed rubber layer, which has 
closed cells, has an expansion ratio of about 2% to about 
50%, and the Solid rubber phase in said foamed rubber layer 
contains, in an amount of about 0.5 to about 5 parts by 
weight per 100 parts by weight of the rubber component, a 
Vulcanization accelerator represented by one of the follow 
ing general formula: 

(I) 

O 

wherein R' and Reach independently represents an atom or 
a group Selected from a group consisting of a hydrogen 
atom, alkyl groups, and aryl groups, excluding a case in 
which each of R and R simultaneously represents a 
hydrogen atom. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The above expansion ratio Vs of a foamed rubber can be 
expressed by the following equation: 

wherein p represents the density of the foamed rubber 
(g/cm), po represents the density of the portion of the Solid 
rubber phase in the foamed rubber (g/cm), and p repre 
Sents the density of the gas contained in the cells of the 
foamed rubber (g/cm). 
The foamed rubber is composed of a portion of solid 

rubber phase and cavities (closed cells) formed by the 
portion of Solid rubber phase, i.e., portions of a gas in the 
cells. 
The density of the gas contained in cells is very Small, i.e., 

Substantially Zero, and is also negligibly Small in compari 
son with the density of the portion of the solid rubber phase 
po. Therefore, equation (1) is Substantially the same as the 
following equation: 

Vs=(pop-1)x100(%) (2) 

The expansion ratio is about 2% to about 50%, preferably 
about 10% to about 40%. When the expansion ratio is less 
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than 2%, the Sufficient effect of improving performance on 
ice or snow cannot be exhibited. When the expansion ratio 
exceeds 50%, abrasion resistance is decreased, moreover, 
the ability of the foamed rubber to recover from strain is 
decreased, in return causing a decrease in So-called perma 
nent Set resistance, and further it is difficult to obtain a stable 
shape in production. 

The foamed rubber used in the tread of the pneumatic tire 
of the present invention is formed by applying heat and 
preSSure to a rubber composition containing a foaming agent 
in accordance with a conventional process for producing a 
tire. 

Examples of the foaming agent include azo compounds, 
Such as azodicarbon amide and azobisisobutyronitrile; 
nitroSO compounds, Such as dinitroSopentamethylenetetra 
mine; and Sulfonylhydrazide compounds, Such as 
benzeneSulfonylhydrazide, toluenesulfonylhydrazide, other 
aromatic Sulfonylhydrazides, derivatives of these 
compounds, and p,p'-oxybis(benzenesulfonylhydrazide). 
Among these compounds, dinitroSopentamethylenetetra 
mine is preferable in view of the control of the cell diameter. 
Urea, for example, can be used as an auxiliary foaming 
agent. 
One of the characteristics of the present invention is that 

by combining a foaming agent and the Vulcanization accel 
erator Specified in the present invention, the cell diameter 
and the expansion ratio in the foamed rubber layer in the 
tread can be controlled to optimum values, and performance 
on ice or Snow of the tire having the foamed rubber layer can 
be improved. 

It is necessary that the foamed rubber comprise about 0.5 
to about 5 parts by weight of a Vulcanization accelerator 
represented by one of the previously mentioned general 
formula per 100 parts by weight of the rubber composition 
in the solid phase. When the amount of the Vulcanization 
accelerator is less than 0.5 parts by weight, the effect of 
Suppressing hardening of the tread is low, and deterioration 
in performance in the final period of tire use cannot be 
Suppressed. When the Vulcanization accelerator is used in an 
amount exceeding 5 parts by weight, no further increase in 
the effect can be found, and an amount larger than the above 
range is not effective, either, from the Standpoint of 
economy. 

In the previously mentioned general formula representing 
the Vulcanization accelerator of the present invention, R' 
and Reach independently represents a hydrogen atom, an 
alkyl group, or an aryl group, excluding a case in which each 
of R and R simultaneously represents a hydrogen atom. R' 
and R preferably each independently represents a hydrogen 
atom, an alkyl group having 1 to 6 carbon atoms, or an aryl 
group having 6 to 10 carbon atoms, and more preferably, 
each independently represents a hydrogen atom, a methyl 
group, an ethyl group, or a phenyl group. 

Examples of the Vulcanization accelerator include 
2-mercapto-4-methylbenzothiazole, 2-mercapto-4- 
ethylbenzothiazole, 2-mercapto-5-methylbenzothiazole, 
2-mercapto-5-ethylbenzothiazole, 2-mercapto-6- 
methylbenzothiazole, 2-mercapto-6-ethylbenzothiazole, 
2-mercapto-4,5-dimethylbenzothiazole, 2-mercapto-4,5- 
diethylbenzothiazole, 2-mercapto-4-phenylbenzothiazole, 
2-mercapto-5-phenylbenzothiazole, 2-mercapto-6- 
phenylbenzothiazole, bis(4-methylbenzothiazolyl-2)- 
disulfide, bis(4-ethylbenzo-thiazolyl-2)-disulfide, bis(5- 
methylbenzothiazoly 1-2)-disulfide, bis(5- 
ethylbenzothiazoly 1-2)-disulfide, bis (6- 
methylbenzothiazolyl-2)-disulfide, bis(6-ethylbenzo 
thiazolyl-2)-disulfide, bis(4,5-dimethylbenzothiazolyl-2)- 
disulfide, bis(4,5-diethylbenzothiazolyl-2)-disulfide, bis(4- 
phenylbenzothiazolyl-2)-disulfide, bis(5-phenyl 
benzothiazolyl-2)-disulfide, and bis(6-phenylbenzo 
thiazolyl-2)-disulfide. Among these compounds, bis 
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4 
(mono alkylbenzothiazolyl-2)-disulfides and 
2-mercaptomonoalkylbenzothiazoles are preferable, and bis 
(4-methylbenzothiazolyl-2)-disulfide, bis(5-methylbenzo 
thiazolyl-2)-disulfide, 2-mercapto-4-methylbenzothiazole, 
and 2-mercapto-5-methylbenzothiazole are more preferable. 
Any of these can be used Singly or in combination of two or 
OC. 

The process for producing the Vulcanization accelerator is 
not particularly limited. For example, the Vulcanization 
accelerator can easily be produced in accordance with the 
process described in Japanese Patent Application Laid-Open 
No. 49-93361 and the like. 

In the pneumatic tire of the present invention, the layer of 
a foamed rubber in the tread preferably has a JIS-Ahardness 
of 65 or less in the initial period of tire use. When hardness 
exceeds 65, the area contacting icy or Snowy road Surfaces 
decreases, causing a deterioration in performance on ice or 
Snow in the initial period of tire use. 

In the Solid-phase rubber composition of the present 
invention, components generally used in rubber composi 
tions for tires can Suitably be comprised in combination with 
the above essential components within the range in which 
the effectiveness of the present invention is not adversely 
affected. Such components include a rubber component, 
Such as natural rubber, Synthetic rubbers, Such as isoprene 
rubber, butadiene rubber, butyl rubber (including haloge 
nated butyl rubber), and ethylene-propylene rubber; a rein 
forcing filler, Such as carbon black and Silica; Zinc oxide; 
Stearic acid; antioxidants, waxes; Silane coupling agents, 
oils, and Vulcanizing agents. 

Sulfur can be used as a Vulcanizing agent. The amount of 
the Vulcanizing agent is 0.1 to 5 parts by weight, preferably 
0.5 to 2 parts by weight, per 100 parts by weight of the 
rubber component. When the amount is less than 0.1 part by 
weight, the strength at rupture and the abrasion resistance of 
the Vulcanized rubber are decreased. 
When the amount exceeds 5 parts by weight, rubber 

elasticity is lost. 
The rubber composition of the present invention can be 

obtained by mixing the components using a mixing 
machine, Such as a roller, an internal mixer, and a Bambury 
mixer. The rubber composition is used for a tire tread after 
forming and Vulcanization, and thus used for the pneumatic 
tire of the present invention. 

EXAMPLES 

The invention will be described in more detail with 
reference to examples below. The present invention is not, 
however, limited by the examples. 

Various measurements were conducted in accordance 
with the following methods. 
(1) Braking Ability On Ice in the Initial Period of Tire Use 
A test tire was installed on a passenger car having a 

cylinder displacement of 1,800 cc and the car was driven on 
an ordinary public road for a distance of 500 km. For the test, 
after the test tire was installed on a passenger car having a 
cylinder displacement of 1,800 cc, the braking distance was 
measured on ice at an outside air temperature of -5 C. by 
applying the brake on the car at a speed of 20 km/h. The 
result is expressed by an indeX with reference to the value 
obtained in Comparative Example 1, which is set to 100. The 
higher the value, the better the braking ability. 
(2) Braking Ability On Ice in the Final Period of Tire Use 
A test tire was installed on a passenger car having a 

cylinder displacement of 1,800 cc and the car was driven on 
an ordinary public road for a distance of about 10,000 km 
over a period of about 6 months. The braking test on ice with 
the above test tire after 10,000 km of driving was conducted 
in accordance with the same method as that described in (1) 
above. The result is expressed by an index with reference to 
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the value of the initial period obtained in Comparative 
Example 1, which is set to 100. The larger the value, the 
higher the braking ability. 
(3) JIS-A Hardness 

JIS-A hardneSS was measured by using a type A of the 
spring type hardness teser in accordance with JIS K-6301 
1995 at 5 locations randomly selected on the tread of a test 
tire, and the average of obtained values was used. 

Examples 1 and 2 and Comparative Example 1 

Components were compounded in accordance with the 
formulations shown in Table 1. Using the obtained tread 
rubber compositions, StudleSS tires having a Size of 185/ 
70R14 were prepared, and the physical properties of the 
foamed rubber were measured. These tires were inflated to 
an inner pressure of 0.2 MPa, and the braking ability of the 
tires on ice was measured. The results are shown in Table 1. 

TABLE 1. 

Comparative 
Example 1 Example 2 Example 1 

Formulation (parts by weight) 

natural rubber 50 50 50 
polybutadiene rubber 50 50 50 
carbon black' 45 45 45 
stearic acid 2 2 2 
Zinc oxide 3.5 3.5 3.5 
antioxidant* 1.O 1.O 1.O 
Vulcanization 0.5 0.5 0.5 
accelerator CZ? 
Vulcanizatio 1.O 
accelerator DM* 
sulfur 1.O 1.O 1.O 
foaming agent DNPT 3.0 3.0 3.0 

Ca 1.5 1.5 1.5 
4M-DM* 2.5 
5M-DM* 2.5 
Physical properties of 
foamed rubber 

expansion ratio (%) 16 16 16 
JIS-A hardness in 53 53 53 
initial period 
JIS-A hardness in 53 54 58 
final period 
Braking ability on ice in 101 101 1OO 
initial period (index) 
Braking ability on ice in 97 95 88 
final period (index) 

* ISAF 
* CZ: N-cyclohexyl-2-benzothiazyl-1-sulfenamide 
*DM: dibenzothiazyl disulfide 
*CZ: N-cyclohexyl-2-benzothiazyl-1-sulfenamide 
*DM: dibenzothiazyl disulfide 
*DNPT: dinitrosopentamethylenetetramine 
*4M-DM: bis(4-methylbenzothiazolyl-2)-disulfide 
*5M-DM: bis(5-methylbenzothiazolyl-2)-disulfide 
* N-(1,3-dimethylbutyl)-N'-phenyl-p-phenylenediamine 
Polybutadiene rubber: BR01 (Japan synthetic Rubber Co., LTD.) 
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As is shown in Table 1, in the pneumatic tires of the 

present invention which were used as StudleSS tires, the 
deterioration in performance on ice or Snow in the final 
period of tire use compared to performance on ice or Snow 
in the initial period of tire use could be Suppressed. 
AS can be understood from the comparative example, the 

pneumatic tire which was prepared without using the Vul 
canization accelerator Specified by the present invention and 
used as a StudleSS tire showed deterioration in performance 
on ice or Snow in the final period of tire use compared to 
performance on ice and Snow in the initial period of tire use. 
The pneumatic tire of the present invention exhibits an 

excellent effect in which the deterioration in performance on 
icy or Snowy Surfaces in the final period of tire use compared 
to performance in the initial period of tire use can be 
Suppressed by using the above constitution. 
What is claimed is: 
1. A pneumatic tire comprising a tire tread wherein Said 

tire tread comprises a foamed rubber layer at least in the 
portion of Said tire tread which Substantially contacts a road 
Surface, and 

wherein Said foamed rubber layer comprises closed cells 
and a Solid rubber phase, and has an expansion ratio of 
about 2% to about 50%, wherein said Solid rubber 
phase comprises a rubber component Selected from the 
group consisting of natural rubber, isoprene rubber, 
butadiene rubber, ethylene-propylene rubber and a 
mixture thereof and contains, in an amount of about 0.5 
to about 5 parts by weight per 100 parts by weight of 
the rubber component, a Vulcanization accelerator 
Selected from a group consisting of bis(4- 
methylbenzothiazolyl-2)-disulfide and bis(5- 
methylbenzothiazolyl-2)-disulfide. 

2. A pneumatic tire according to claim 1, wherein the alkyl 
group represented by R' and R in the general formula is 
Selected from alkyl groups having 1 to 6 carbon atoms. 

3. A pneumatic tire according to claim 2, wherein the alkyl 
group is a methyl group or an ethyl group. 

4. A pneumatic tire according to claim 1, wherein the aryl 
group represented by R' and R in the general formula is 
Selected from aryl groups having 6 to 10 carbon atoms. 

5. A pneumatic tire according to claim 4, wherein the aryl 
group is a phenyl group. 

6. A pneumatic tire according to claim 1, wherein JIS-A 
hardness of the layer of a foamed rubber in the tread in an 
initial period of tire use is 65 or less. 

7. A pneumatic tire according to claim 1, wherein Said 
Solid rubber phase further comprises Sulfur as a Vulcanizing 
agent. 

8. A pneumatic tire according to claim 7, wherein the 
amount of sulfur is 0.1 to 5 parts by weight per 100 parts by 
weight of the rubber component. 

k k k k k 


